We have investigated the molecular structure and conformation of diethylmethylamine, C(4)H 3 C(2)H 2 N(1) [CH 3 
Introduction
Amines with at least one ethyl group exhibit conformational flexibility. To understand it, gas-phase molecular structures and conformations of ethylamine [1] , methylethylamine [2, 3] and dimethylethylamine [4] [5] [6] have been investigated by spectroscopic and diffraction methods. These studies indicate that the trans CNCC conformer is preferred to the gauche conformer. For more complicated amines with ethyl groups, diethylamine, triethylamine and N-chloro-N-ethylethanamine (Et 2 NCl), we have determined their molecular structures and conformations by gas electron diffraction (GED) combined with ab initio calculations [7, 8] . Two or more conformers were detected for each compound. In the present study, we have determined the molecular structure and conformation of diethylmethylamine (DEMA) by GED. The obtained results are compared with conformations of related amines.
Bushweller et al. [9] investigated conformation of DEMA by 1 H NMR spectroscopy each family, conformation is easily converted.
IR and Raman spectra of DEMA in the solid, liquid and gas phases were studied by
Crocker and Goggin [6] . Two conformers detected in the solid phase were suggested to be tt and g + t.
On the other hand, from the complexity of a vapor spectrum, they concluded that two or more conformers exist in the gas phase. Therefore, conformational analysis of DEMA is an open problem.
A few vibrational frequencies relating to N-C stretching modes are reported by
Crocker and Goggin [6] and IR spectra of the liquid are available from Ref. [10] . To perform vibrational and conformational analysis in more details, gas-phase IR spectra and FT-Raman spectra of the liquid have been measured in the present study.
Furthermore, RHF, MP2 [11] and B3LYP [12, 13] calculations with various basis sets are carried out to obtain information on the structure, conformation and force field of DEMA. Since the B3LYP/6-311+G** calculations with wavenumber-linear scale factors provide reasonable estimate of vibrational frequencies [14] , the density functional theory calculations at the same level are used to interpret vibrational spectra.
Structural constraints in GED analysis are taken from results of B3LYP calculations with a larger basis set 6-311++G(2df,p).
Experimental
A commercial sample of DEMA (Aldrich) with a purity of 98% was used after distillation in vacuum. The experiments were made with an apparatus equipped with an r 3 -sector [15] at two camera distances, 245.1 mm (short) and 490.2 mm (long).
Diffraction patterns were recorded on 8 × 8 in. Kodak projector slide plates at room temperature (24°C). The accelerating voltage was about 37 kV. The diffraction patterns of carbon disulfide were recorded after those of DEMA to determine the wavelength of incident electrons (r a (C−S) = 1.5570 Å) [16] . converted to total intensities [17] , which were then divided by theoretical backgrounds to level total intensities. The leveled total intensities were obtained from four and two plates for short-and long-camera distances, respectively. They were averaged and used for data analysis. Elastic and inelastic scattering factors were taken from Ref.
[18]. The leveled total intensities are deposited as supplementary data. The molecular scattering intensities and experimental radial distribution curve of DEMA are shown in Figs. 2 and 3, respectively.
Gas-phase IR spectra were measured at resolutions of 0.5 cm -1 by using a BOMEM DA 3.16 Fourier transform spectrometer at room temperature. In the measurement, a cell with KBr windows and a path of 10 cm was used. The FT-Raman spectra of liquid DEMA were recorded on the same spectrometer at 4 cm -1 resolution by using an Nd:YAG laser. No impurity was detected in these spectroscopic measurements.
Structural Determination

Theoretical calculations
Calculations were carried out using Gaussian 98 [19] . Geometries of the five conformers shown in Fig. 1 calculations were performed with frozen-core approximation using 6-31G ** and 6-311+G ** basis sets. For B3LYP method, we used three kinds of basis sets, 6-31G ** , 6-311+G ** and 6-311++G(2df,p). Table 1 shows that relative energies of these conformers depend on the calculation method and basis set, whereas the order of the stability is consistent through all the calculations. The structures optimized at B3LYP/6-311++G(2df,p) level are listed in Table 2 .
The populations of the tt, g + t, g − t, g + g + and g − g + conformers were estimated from the energy differences listed in Table 1 . All the calculations suggest that the population of g − g + form is negligibly small (≤ 0.5%). This is consistent with the results of vibrational analysis described in next section.
Vibrational analysis
Cartesian force constants of the five conformers were obtained from the B3LYP/6-311+G** calculations using Gaussian 98 [19] and were transformed into the quadratic force constants of local symmetry coordinates f ij B3LYP/6-311+G** . The force constants were furthermore modified by using the equation of f ij scaled = (c i c j )
f ij B3LYP/6-311+G** [20] where c i 's denote scale factors for force constants. Scale factors were derived by referring to wavenumber-linear scale factors reported in [14] : c i 's were 0.9197 for C-H stretching coordinates whereas c i 's for other coordinates were 0.9841. The scaled force constants were used to calculate mean amplitudes and shrinkage corrections, r α -r a , [21] required for the analysis of GED data. Table 3 compares observed vibrational wavenumbers with calculated ones in the range of 1250 to 400 cm -1 which is useful to investigate conformation of DEMA.
Three bands at about 773, 762 and 749 cm -1 observed in the gas and liquid phases are unambiguously assigned to the tt, g + t and g − t conformers, respectively. The existence of the g + g + form in the gas phase is uncertain since no bands can be assigned solely to this form. However, Table 1 suggests that the stability of this form is similar to that of the g − t form. Therefore, the g + g + conformer seems to be present in the gas phase. On the other hand, the Raman and IR spectra of the liquid show the bands at 408 and 978 cm -1 , which are assigned to the g + g + conformer. Therefore, the vibrational bands in the liquid phase are apparently interpreted in terms of coexistence of the four conformers.
Analysis of gas electron diffraction data
The following assumptions were made: (1) The model consisting of the tt, g Table 4 . Groups were separated at 1.8, 2.8 and 3.55 Å so that each group corresponds to one or more separated peaks of the experimental radial distribution curve (Fig. 3 ).
The differences in each group were fixed at the calculated values. (6) Asymmetry parameters were estimated by the conventional methods [22] .
Adjustable structural parameters, r(N−C), r(C−C), r(C−H), ∠CNC, ∠NCC, ∠NCH
and φ 1 (tt), abundances of conformers, X(tt), X(g + t) and X(g − t), mean amplitudes l 1 -l 4 and indices of resolution for long-and short-camera distances, k l and k s , were determined by the least-squares calculations on molecular scattering intensities. There are no significant differences between refined and calculated mean amplitudes as shown in footnote of Table 4 . Table 5 The mean amplitudes were calculated from the scaled force constants using the small-amplitude vibrational model. The validity of the model and force field used in this work can be roughly evaluated by comparing the calculated amplitudes with those obtained from GED data. The differences between the calculated and observed amplitudes are comparable to three times the standard errors (see Table 4 ), suggesting that the small-amplitude model and the scaled force field are reasonable for DEMA. Table 5 for the definition). The value is much smaller than those of one-conformer models, In diethylamine [7] , tt and g Our study on triethylamine [7] shows that CCNCC moieties take tt, g conformations. Therefore, the g − g + conformation is not observed in diethylamine, DEMA and triethylamine. This is ascribable to steric repulsion between terminal methyl groups in the g − g + conformation.
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